A method using dispersive liquid-liquid microextraction (DLLME) based on low density solvent (LDS) combined with liquid chromatography with diode array detection (LC-DAD) has been developed for determination of parabens. Some DLLME parameters such as kind and volumes of extraction and disperser solvents, pH of the aqueous samples, ionic strength, extraction, centrifugation and speed time, were investigated. The method exhibits good linearity (0.9990 to 0.9993), limits of detection (0.5-0.8 μg L ). In optimum conditions, enrichment factors and recoveries of studied parabens obtained were 38.9 to 88.4% and 30.3 to 68.0%, respectively. Surface water samples collected from Mogi Guaçu River (São Paulo state, Brazil) were analyzed, showing average contents of methyl-, ethyl-, propyl-, and n-butylparaben of 8.0, 5.8, 13.1 and 15.1 μg L -1 , respectively. This is the first study on parabens in a Brazilian River, in a long stretch of river (ca. 300 km of extension).
Introduction
Parabens are widely used as antibacterial, antifungal and preservative agents in food and beverages, pharmaceutical and personal care products. Often these products contain two or more parabens as part of a preservative system. [1] [2] [3] [4] [5] [6] [7] [8] However, this group exhibit estrogenic activity and possible effects on the endocrine system of humans, aquatic and wildlife. [1] [2] [3] [4] [5] [6] 8, 9 It is believed that contamination of aquatic ecosystems by parabens depends on the geographical location (rural, urban or industrial region), 6, 8, [10] [11] [12] weather conditions (dry or wet season), 13 as well as proximity and efficiency, or inefficiency, of wastewater treatment plants. 6, 7, 14, 15 Most parabens are frequently found in river water at concentrations reaching from ng L -1 to μg L -1 , [6] [7] [8] [10] [11] [12] [13] [14] [15] and their levels depend mainly on the extent of water dilution resulting from rainfall.
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The Mogi Guaçu River 16 is located in Brazil, belonging to São Paulo and Minas Gerais states, covering approximately 377.5 km in São Paulo state, totaling 473 km in length. Near this river are located 43 cities, 38 in São Paulo state, with an estimated population of 1.43 million inhabitants. This river is dominated by agricultural activities like growth of maize, beans, potatoes, cotton, citrus, coffee, extensive plantations of sugar cane, as well as livestock and poultry. The main industries in this river region are food, pulp and paper, metallurgical, sugar mills, alcohol, distilleries, tanneries, ceramic industries and mining of sand. 16 Like other rivers around the world, [6] [7] [8] [10] [11] [12] [13] [14] [15] the water quality of the Mogi Guaçu River has been affected due to the discharge of treated and untreated wastes from industries and residences, throughout its stretch.
Due to low levels of parabens in solid and liquid samples, the extraction and enrichment techniques are essential for the analysis of them. 17 So, many methods have been developed for the extraction of parabens, such as dispersive liquid-liquid microextraction, 4, 18 supercritical fluid extraction, 19 solid phase extraction, 12, 14, 15, 20, 21 solid phase microextraction, 22 stir bar sorptive extraction, 23 among others. 17 Furthermore, a variety of analytical methods have been used for determining trace concentrations of parabens in water, foods, pharmaceutical and personal care products like capillary electrophoresis, 16, 21 liquid chromatography (LC), 1, 4, 11, 12, 21 and gas chromatography (GC). [3] [4] [5] 9, 14, 18, 19, [22] [23] [24] Currently, special attention is devoted to the development of analytical methods for extraction and concentration of samples that is fast, efficiency and environmental friendly. Thus, in 2006, Rezaee et al. 25 proposed dispersive liquidliquid microextraction (DLLME). DLLME is an extraction and pre-concentration technique to prepare samples, based on miniaturization, low cost, high speed and low consumption of solvents and reagents. 25 It is based on a dispersion of an extraction solvent (immiscible with water) and a dispersing solvent (miscible with water and extracting solvent) in an aqueous solution (sample), providing a large contact area between the aqueous phase and the extraction solvent. 25 The extraction efficiency (EF) of DLLME is influenced by several factors, as types and volumes of extraction [1] [2] [3] [4] [5] 18, [24] [25] [26] [27] [28] and disperser solvents, The DLLME has been applied to the extraction of various organic [1] [2] [3] [4] [5] 18, [24] [25] [26] [27] [28] [29] [30] and inorganic pollutants, 9,31,32 both in aqueous samples 3, 4, 9 as in solid samples. 9, 18, 33 Among these pollutants are parabens, which are esters of p-hydroxybenzoic acid. [1] [2] [3] [4] [5] 9 The aim of this work is report an application of a dispersive liquid-liquid microextraction (DLLME) based on low density solvents (LDS) combined with liquid chromatography with diode array detector (LC-DAD) method for the simultaneous separation and determination of four parabens (methyl-, ethyl-, propyl-, and n-butylparaben) in river water samples. This method was applied in surface water samples, collected from Mogi Guaçu River, in São Paulo state, Brazil. No data are available in literature about chemical pollution by parabens in Brazilian rivers.
Experimental

Materials and methods
Chemical and reagents
The parabens studied were methyl-(MP, HOC 6 
Samples
Fourteen surface water samples were collected from Mogi Guaçu River (São Paulo state, Brazil), covering 300 km of extension. The cities where the samples were taken were: Guatapará, Rincão, Porto Ferreira, Cachoeira de Emas, Pirassununga, Martinho Prado, Mogi-Guaçu, and Itapira. Sampling sites and location details are shown in Figure S1 and Table S1 (Supplementary Information). Sites were selected to represent both rural and urban environments, avoiding sampling in the immediate effluent from any local discharges, thus allowing discharges to mix with river water.
All samples (250 mL) were collected using a dark glass bottle, with subsequent addition of 0.5 mL of methanol (to avoid microbial activity) and sent to the laboratory. In the laboratory, the samples were filtered (removal of sand grains) 3 through qualitative paper filter (Unifil, 80 g m -2 ) and then with a nylon membrane filter (Millipore, 0.45 μm × 47 mm), and stored at 4 o C in dark glass bottle until extraction.
Dispersive liquid-liquid microextraction
The procedure of DLLME started with 10.0 milliliters of standard solution (containing 50 μg L -1 of each paraben) or real surface water sample been transferred into a 15.0 mL Falcon tube. Subsequently, 1.0 g of NaCl was added and the tube was shaken until the complete dissolution of the salt. Then a mixture of 0.1 mL of 1-octanol (extraction solvent) and 1.0 mL of acetone (disperser solvent) was rapidly injected into the solution using a 2.0 mL syringe (BD-Becton, Dickinson and Company, São Paulo, Brazil). The solution obtained was shaken by a vortex mixer (Ika, MS 3 Digital, Germany) for 2 minutes (2000 rpm) and then centrifuged for 5 minutes at 2000 rpm (Eppendorf Centrifuge 5702, Hamburg, Germany). The 1-octanol (density 0.82 g mL -1 ) with some aqueous phase, accumulated on the surface of the aqueous solution, was collected successively using a LC 0.025 mL glass Vol. 26, No. 11, 2015 microsyringe (Hamilton, Nevada, USA) until the end of all organic phase and transferred to a 0.25 mL polypropylene insert (Agilent, USA). From the two phase solution in the insert, approximately 0.09 mL of pure organic phase was collected and stored for further analysis by LC-DAD. 34 Next, the lower aqueous phase was discarded. The DLLME steps are illustrated in Figure S2 (Supplementary Information).
Calculation of enrichment factor and extraction recovery
The enrichment factor (EF) and extraction recovery (ER) were calculated according to Rezaee et al. 25 EF is defined as the ratio between the analyte concentration in the collected phase (C coll ) and the initial concentration of analyte (C i ) in the sample solution (equation 1). C coll was obtained from calibration graph of direct injection of parabens standard solution in 1-octanol at the concentration range of 0.5 to 50 μg L -1 .
(
The extraction recovery (ER, equation 2) is defined as the percentage of the total analyte amount (n i ) which was extracted to the collected phase (n coll ).
(2)
V coll and V aq are the volumes of the collected phase and the aqueous solution respectively. The volume of the collected phase was determined using 0.025 mL glass microsyringe (Hamilton, Nevada, USA).
Instruments
The chromatography analysis was performed by Agilent 1200 series LC (Santa Clara, CA, USA) consisting of a 1311A Agilent quaternary pump, Agilent G1322A degasser, Agilent G1329A autosampler and linked to a Agilent 1315D diode array detector. The analytical methodology was adapted from Agilent Solutions Guide. 34 The LC separation was achieved by means of an Agilent Zorbax SB-C8 reverse phase column (250 mm × 4.6 mm internal diameter (i.d.) and a 5 μm particle size) and an Agilent HC-C18 guard column (12.5 mm × 4.6 mm i.d.), with deionized wateracid acetic (99:1%, v/v) and methanol as the mobile phase. The isocratic elution mode was employed: 35% deionized water/acid acetic and 65% of methanol, in 9 minutes, at a constant rate flow of 1.0 mL min -1 . The injection volume was 0.02 mL, using wavelength of 258 nm to detected parabens, and the column temperature was 25 °C.
The pH measurements were performed using a pHmeter (model 8010, Qualxtron, Jundiaí, Brazil).
Results and Discussion
There are a lot of parameters that affect the DLLME performance and efficiency, such as sample volume, 3, 18, 28 types and volumes of extraction [1] [2] [3] [4] 18 In order to obtain the maximal enrichment factor, all these parameters were first optimized using deionized water as a sample solvent, spiked with 50 μg L -1 of parabens. All the experiments were carried out in triplicate.
Optimization of DLLME-LDS conditions Selection of the extraction solvent
The selection of the extraction solvent in dispersive liquid-liquid microextraction is one of the most important parameters that affect the efficiency of extraction. This solvent must be compatible with the chromatographic conditions, higher or lower dense than aqueous phase, insoluble in water, and have a large extraction capacity of the analytes. 2, 25, 28, 30 Most of the applications of DLLME described in literature involve the use of high density chlorinated solvents such as chloroform, dichloromethane, carbon tetrachloride and chlorobenzene. 1, 3, 24, 25, 27, 28, 30 However, these solvents are extremely toxic and environmentally inappropriate. 4, 18 Extracting solvents such as ionic liquids 9, 29, 33 or longchain alcohols 4, 18, 28, 30 have been used for their lower toxicity to ecosystems. The long-chain alcohols, such as 1-octanol, 1-decanol, 1-undecanol, 1-dodecanol and 2-dodecanol are solvents of low density, floating on the aqueous phase. 4, 18 Initially, this study aimed to evaluate the efficiency of chlorobenzene (density 1.11 g L -1 ) as extraction solvent. 27 However, there were some difficulties to see and collect the chlorinated solvent from the biphasic solution, resulting on less than 65% of chlorobenzene collected from the sediment phase. Besides, this solvent is not compatible with the reverse-phase LC mobile phase (high density) and an extra step would be needed to evaporate it before final analysis. 30 As described previously, 4,18 the use of 1-octanol in DLLME has provide good results as an extraction solvent lighter than water. 28 Thus, using 1-octanol (density of 0.82 g mL -1 ) 4,18 as extracting solvent, an average of 90% of the organic phase could be collected from the surface of the aqueous sample. Therefore, compared with chlorobenzene and due to its low toxicity, ease of observation and recovering, this alcohol was chosen as extraction solvent.
Effect of volume of extraction solvent
In DLLME the volume of extraction solvent can influence the formation of the dispersion, 1, 4, [24] [25] [26] 28 and have to be optimized. In order to study the effect of extraction solvent on the EF, the volumes of 0.05 to 0.11 mL of 1-octanol (increment 0.01 mL) were added to samples of deionized water containing parabens. By increasing the volume of 1-octanol from 0.05 to 0.10 mL, the volume of collected phase increased from 68% (0.034 mL) to 95% (0.095 mL). However, when 0.11 mL of 1-octanol was utilized, the volume collected decreased to 88% (0.097 mL). As shown in Figure S3 (Supplementary Information), the best EF of parabens was observed when 0.10 mL of 1-octanol was used. Therefore, this was the volume selected in order to obtain higher EF and ER.
Effect of sample volume
In DLLME an increase in sample volume can enhance the amount of analytes transferred to the organic solvent, which improves the detectability (analytical signal increase). 1, 18, 28 To examine this effect, the sample volumes tested for the extraction of parabens were 5.0 to 12.0 mL (increment 1.0 mL). The results indicate that when sample volume increases from 5.0 to 10.0 mL ( Figure 1 ) the EF of parabens increases. However, raising the sample volume from 11.0 to 12.0 mL resulted in a small decrease of the EF, probably due to decrease in the volume ratio of organic phase/aqueous phase. 1, 18, 28 It was found that the largest EF was obtained when 10.0 mL of water sample solution was used, because the equilibrium between the analytes and the organic phase (0.10 mL of 1-octanol) was achieved. On basis of these results, 10.0 mL was selected as the optimum sample volume.
Effect of the type and volume of disperser solvent
The miscibility of disperser solvent, either in aqueous or extraction phase, is the main characteristic to obtain a good EF. 1, 3, 5, 25, 27, 28 Consequently, in this work, the ability of acetone, acetonitrile and methanol as disperser solvent was investigated. According to Figure S4a (Supplementary Information), when acetonitrile and methanol were used as dispersive solvent, the EF were lower than using acetone. So, the best EF of parabens was obtained when acetone was used as disperser solvent, and, besides its capacity of high recovery of analytes, this solvent is also low cost and eco friendly.
The volume of disperser solvent is a parameter that also has to be optimized when using the DLLME. 1, 3, 5, 25, 27, 28 The variation of the volume of dispersive solvent can affect the formation of emulsion system (water/1-octanol/ acetone), which can influence the dispersion conditions of the extraction solvent in aqueous phase. 25 So, the effect of the disperser solvent was tested for five volumes of acetone ranging from 0.25 to 1.25 mL (increment 0.25 mL, Figure S4b , Supplementary Information). With small volumes of dispersive solvent, the EF was not satisfactory, because the extractant cannot disperse uniformly in the aqueous phase. Thus the volume of 1.00 mL was chosen for the dispersive solvent.
Effect of sample pH
The pH of aqueous solution is an important parameter that might affect the EF in the DLLME. 1, [3] [4] [5] 18, [24] [25] [26] 28, 29 The charge and the lipophilic character of parabens can be affected by changing the pH, which can cause the protonation of the oxygen atom (pH < 3) or deprotonation of the hydroxyl group (pH > 7).
11 Therefore, the effect of sample pH on the EF of the parabens from aqueous samples by DLLME was studied ranging from 2.0 to 8.0 (pH increment 1.0).
The adjustment of the pH of the samples was made with 0.05 mol L -1 of HCl or 0.05 mol L -1 of NaOH. As shown in Figure 2 , the EF remained nearly constant from pH 3.0 to 6.8. Below pH 3.0, a decrease of EF occurs due to the hydrolysis of ester group of parabens. 2 On the other hand, at pH > 7 the EF decrease because the parabens (pKa from 8.17 to 8.37) are in ionic forms and cannot be extracted by organic solvents. 7, 18 The original pH of all the collected river water samples was approximately 6.8 ± 0.2. So, for these experiments, there was no need for pH adjustment. 
Effect of salt addition
In general, the salt addition to the solution decreases the solubility of analytes in the aqueous phase and enhances their extraction into organic phase. 1, 4, 18, 25, 26, 28, 29 To evaluate the ionic strength effect on EF of parabens in the DLLME, experiments were conducted at different NaCl concentrations in the water sample solutions. NaCl content was increased from 0 to 20% (m/v), with increments of 5% (Figure 3) .
The results given in Figure 3 indicate that the increase in salt concentration, from 0 to 15%, rise the EF of four parabens and it also increased the volume of organic phase collected from 50% to 92%, respectively. Increase of NaCl concentration above 15% caused a gradual decrease in the EF and, consequently, in the volume of the organic phase collected. On basis of these results, 10% of NaCl was chosen in subsequent experiments.
Effect of extraction time
The extraction time is the time interval between the injection of the disperser and extraction solvents mixture and the centrifugation. The influence of the extraction time in the DLLME depends on the analytes and solvent system. 1, [3] [4] [5] 18, 24, 25, 28, 29 So, this parameter was studied in the extraction of parabens. After the addition of the mixture of 1-octanol (extraction solvent) and acetone (disperser solvent), the sample solution was shaken by a vortex mixer for a series of extraction times, ranging from 0 to 5 min (increment 1 min). The results demonstrated that the extraction time increased the EF ( Figure S5 , Supplementary Information), where greatest quantities of parabens were transported into the organic phase and the equilibrium was achieved within 2 minutes. So, the samples were shaken for 2 minutes before being centrifuged.
Effect of centrifugation time and speed
Centrifugation step is necessary to make the complete separation of the aqueous phase from the organic phase. 5, 18 Thus, the influence of centrifugation time in the DLLME was tested in the range of 1 to 10 minutes (1, 3, 5, 8 and 10 minutes). Figure S6a (Supplementary Information) shows that the EF increases slightly with the increasing centrifugation time and remains practically constant after 5 minutes. This is because, after complete separation of organic phase from sample solution, longer centrifugation time cannot play any effect.
2 Therefore, 5 minutes centrifuging time was selected in the experiments.
The centrifugation speed was evaluated, with speed ranging from 1000 to 4000 rpm ( Figure S6b, Supplementary  Information) . The results reveal that the EF increases with increasing of speed and reach a plateau in 2000 rpm. So, 2000 rpm was therefore selected as the optimum centrifugation speed.
Analytical figures of merit
The analytical figures of the proposed method for all studied parabens were evaluated under the optimized condition, following the ICH guideline. 35 The characteristics analyzed were linear range (LR), square of correlation coefficient (R 2 ), limit of detection (LOD), limit of quantification (LOQ), relative standard deviation (RSD), Table 1 . Square of correlation coefficients (R 2 ) ranged from 0.9990 to 0.9993. The LOD and LOQ were determined based on the signal-to-noise (S/N) ratio being 3:1 and 10:1, 35 respectively, where the LOD ranged from 0.5 to 0.8 μg L -1 and LOQ ranged from 1.3 to 2.4 μg L -1 . The RSD was studied in three replicate analyses of the spiked water sample, ranging from 6.3 to 8.3%, showing good repeatability of the method. The EF and ER ranged, respectively, from 38.9 ± 5.2 for MP to 88.4 ± 9.9 for PP, and from 30.9% ± 3.9 for MP to 68.0% ± 7.6 for PP (Table 1) .
Comparison of proposed method with other methods
The performance of DLLME-LDS and LC-DAD method is summarized in Table 2 and compared with literature data. Comparing the LOD and LOQ values obtained with different analytical techniques, the proposed method showed improved sensitivity in relation to LODs obtained in dispersive liquid-liquid microextraction based on low density solvent liquid chromatography with diode array detection (DLLME/GC-FID), 18 supercritical fluid extraction on-line headspace solid-phase microextraction combined with gas chromatography-mass spectrometry (SFC-HS-SPME-GC-MS), 19 and stir-bar sorptive extraction combined with gas chromatography-mass spectrometry (SBSE/GC-MS) 23 methods, and was comparable to that achieved in dispersive liquid-liquid microextraction combined with liquid chromatography with ultraviolet detection (DLLME/LC-UV). 4 Moreover, the results show that extraction time in DLLME is very short (2 minutes) and also that extraction equilibrium is achieved very quickly. That's because the abundant contact surface of fine droplets and analyte speeds up mass transferring processes of analytes from aquatic phase to organic phase. 17 However, the recoveries in DLLME were lower than those of other methods. 14, 19, 23 This may be caused by the use of dispersive solvent, which usually decreases the partition coefficient of analytes into the extraction solvents. 17 Despite this, the method is very simple, does not need any complex or expensive instrument, like SPE, 14 SFC-HS, 19 SPME, 22 and SBSE, 23 and requires a small amount of sample. Thus, the DLLME is a promising sensitive, rapid, repeatable and suitable alternative to the traditional techniques for sample preparation when analyzing parabens.
Real sample analysis
The proposed method was applied to determine MP, EP, PP and BP in the 14 surface water samples collected from Mogi Guaçu River (São Paulo state, Brazil). Figure 4 shows a typical chromatogram, obtained by DLLME-LDS and LC-DAD, for the target analytes in the unspiked and in the spiked (250 μg L -1 ) real surface water samples. It can be noted by the chromatograms (Figure 4 ) that there is a good separation between studied parabens (MP, EP, PP and BP), and no interfering compounds were observed in surface water samples.
The samples were quantified using calibration curve (external calibration), constructed following the ICH guideline, 35 using solutions of deionized water spiked with 0.5 to 50.0 μg L -1 of parabens, which were previously extracted by DLLME-LDS, according to procedure described in Experimental section. Table 3 shows the city (site), contents, average contents and the sum of the concentrations of methyl-, ethyl-, propyl-and n-butylparaben, in all 14 surface water samples analyzed. The highest sums of concentrations were found in the following sampling sites: Mogi Guaçu 10 (60.8 μg L ). In other sampling sites, the sum of the concentrations were below 24.0 μg L -1 , ranging from < LOD (Itapira 14) to 23.8 μg L -1 (Cachoreira de Emas 5). Like this, some studies already have reported the presence of parabens in aquatic environments (Table S2 , Supplementary Information). [6] [7] [8] [10] [11] [12] [13] [14] [15] In this study ( for BP, and these values are higher than in some manuscripts previously reported (Table S2 , Supplementary Information). Probably, these higher parabens levels reflect the different economic activities along the Mogi Guaçu River (agribusiness, vegetable oils, drinks, meatpacking, pulp and paper industry) as well as disposal of treated or untreated sewage and wastewaters from the cities and industries, located near or on the edges of the river. In addition, it is believed that the drought period, that reached the São Paulo state in 2014, 36 may have contributed to the low volume of water in the Mogi Guaçu River, and consequently letting the river water less diluted, showing parabens contents in the order in μg L -1 .
Conclusions
A DLLME-LDS and LC-DAD procedure was developed and applied in the extraction and analysis of four parabens (MP, EP, PP and BP) in surface river water samples. The a LOD = limit of detection; b LOQ = limit of quantification; c EF = enrichment factor; d dispersive liquid-liquid microextraction combined with gas chromatography-flame ionization detection; e dispersive liquid-liquid microextraction combined with liquid chromatography with ultraviolet detection; f solid phase extraction combined with gas chromatography-mass spectrometry; g supercritical fluid extraction on-line headspace solid-phase microextraction combined with gas chromatography-mass spectrometry; h solid phase extraction combined with gas chromatography-mass spectrometry; i stir-bar sorptive extraction combined with gas chromatography-mass spectrometry; j dispersive liquid-liquid microextraction based on low density solvent liquid chromatography with diode array detection. 
